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nflS^ C-HolBfl- ^JL 9} 71 ^igjSj^-S o] tiV £ ^) ^^« 0 V^ofl 

AV 7 | nils. El ^ ^r^^r e^^l^E^ ^^.^/H-Efl^l ^ 

^ofl it|-^Tg ) n^S)^ i^Li/=Efl«?l <S^s> 

£ 8 
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^srj^ijLo) oj^ofl ^^3})^ ^ til_£^l *v*]4 ^ { Method 

for forming semiconductor devices having contact pad on source/drain region of 
pheripheral circuitry} 

51 l£ #2fl 7l#ofl cflS-e) M^^l^Ei^ db-SLi/S.^*] 

cgctfofl ^5fl = 7r ^€ f^t 5LAl*> njTg^olcf. 

£ 2 ^1 E 10-gr #^51 ^ 1 ^AH]ofl nHS.e] ^«-4 ^^S.^ 

S. 11 vfl^l £ 13^- 2 >*Ja]<*H 44 nfl5Ls) ^-¥-Sf ^3}^ 3=31 

£ 14a vfl4 £ 14dfe £ *H 3 *H<>W 44 ^t£S)j^f S3N^4 ± 

SL^/B-$)9l ^ 5L4tb 

£ 15a ^1 £ 15c^ £ ^ 3 ^aHH ^^51^ M^^l^E^ ^ 
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<?> tiVt^j ^1^1 ^ u cHH iL4 4MI*M^ ^ri^l 

A oHl ^7}]^ nllSSl 7}^. v\)3-£\ ^7] ^£H] ^^-^ ^S.^ 31°M 

1- ^Jl 1^7] W ^sl^S. ^] HV £ ^ ^^« 0 >^^ ^ ^Jo]4. 

<8> c|^<Sj ^^£7> ^o>^|^A^ «fl^o) o^-g-o] 7V^5]J1 71^-^1-^ 

^^^'S ^)olM 4ij2.i/^5ll^l ^ H£L(bulkHl ^ < y-# 

o> sHrefl z}- filfl^ ^<5}J1 #4? Hfl^i^r §H°> W. ^1 ^ 

%H i-CMg ^ ^-g-^o] ^c^^7l nfl^olcf. ZLeiH-, C^S) ^^l 4^ Cl7}^]# 
o) #±f>}51, 3.71 S. ^]-^7fl *H tr}-B}- ( 7-1^ ^ 3} 

<9> S-ST], ^uflAlEi f2f ^ t^^^ ^ 3.71 7f ^l^l 

EiS] ^^171- ^7l-s:>7ll £1<>1 #7l ^i/^l <*H1 ^ 3 ^ ^#^1 S°l #7>sr> 
711 €4. °15. ^l^ ^*°1 3l:#*l ^3*1 ^% Vo ) #7>^ 

^ £-7^0.5. «ll^^°l c13r ^^711 £t}. 
<10> ole^ ?m^r ^^-i: -§-°l*>7ll 5}ZL Td^ofl ^^s>^ J*]^ ^A^pl ^ Sfl ^g- 

^^^>7l *H1 SflJE-I- *§^*Rr «o^°l ^liSli $14. D l^f^ ^ ^1 
5,949,1105:^ *fl£-Sl ^ ^M^S-MS. ^^3flc 7 > ^€ a}£^l tq ^ 
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£ 1* 4-8-4 £4- 

<11> £ lofl J^S} ti}<4 ^o], Aj-7] tq^c. ^i^e] ^(CHl^r M^*1^3 

(C N )4 ^3ifl^le1(i50)», ^sl^CPHlxr S€^)^(P N )« # 
7l z]- e^^^CCn, P n )5] i^^/iEL^o] <g^(i20, 120 r )^Hl^ 2t ^1^311^(140, 
140', 142 ^ 142' )7> ^Ajsjc}. zJr ^bm^c ( 140) 140' , 142 ^ 142' )^1 <*lhg- 
4-5-4 £4. #?1 ^^^ = (140, 140', 142 ^ 142') # ^(O^l ^-§- 

/=5ll<y ^^(120')<H1 <3^€ S*NH.(140)fe WlE^-Olo] c*j^g. ^j, oiji Aj. 7 l nfljs. 

-t^-(C)^ i^/^ell^l <g«*(120H ^1^31)^(142)^ ^31)^1^(150)^ 

^SLsL A^^. ^S\^(P)2) A ^m3fl = (140 , ) 142')^ ^Ejjl;(160)^- -f-*fl A 
A ^^11^(170)4 ^^^4. %A A ^^3fl = (140, 140* , 142 ^ 142')^ ^7} ^2. 
21 €-¥-(04 ^71 ^^S)S^-(P)o]l -§-A]oj] tg^4. o]§ l^iL^, 
ffl2.El €-¥-(C)^ ^-^-=ell^ <g^(120'H ^EH 3 flr L(14 o)^ ^^Sj^-^(p)^ e 

^^l^El(P N) p p )5l =ell<?l; 120 HI ^^Sl^ ^sfl-El (140') *V ^"4 ^1 

<H1 ^<m4(*ll l 3^43). at!: ^7l 7i3flA]Ei(i50)4 *HM1^ ^ 

^-a- ^ ?1^2fl^.(l42)^ ^^SjS-^-(P) M$*l^Ei(P N , P P )^ JELefl°l(3^r 

120H1 ^slfe ^^3fl^(i42') ^-4 ^€4(*ll 2 ^sflJE. 3^43). # 

7l ^1 1 ^ ^1 2 ^^SfliEL^ AA *el^Sl^ tiV£^l 7l# -tfofl ^Ml 0 1« 3fl 

Ei^ilS.*! ol^-^^lcf. Aj- 7 i z| ^Hfl 5)1^.(140, 140' , 142 ^ 142') ^4^ A 1- 0 H1 
^^^(UlH 7fl7flSlol ^-71 A ^^3fl = (140, 140', 142 ^ 142') #^1 
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<12> o]^ A^*}. #7] m^ofl 7 }A% m 7\X)3L 9l 

o> ^cll o] ^ Aj-Al^ofl ^jS.*1 ^Aj^g- ^3T>7l ^#7fl ^^S.^ 
°»JE( sense AMP) ^>-g-^ 7 l nfl-g-ofl o] cge^oJH^r ^lS ti] 

^Zj-A] CJ^S. ^ ^l^l <r 5a4. A J"7] ^-*H1 7flA]^ ^^Sl^o]] 

<is> oi^a^ a>^^. wj-sq. £o] t tiV^fl q^o]] o^i, ^ls-el -S^sj- ^^^f M 

ft ^sfl^l- M*Rr 5*^*1, #5fl^ 7l#-^ g£ 9X^. 

l^o) o]^JL7} ^ 7}^*\ -4*11] 
<14> £ ^-^ol ol^.JIA> 7l#^ 4*1]^, ^5L*H 9l°)*\ ^lS-Sl ^ 

^5)3.^ M^l^E^ i^^/ceflo] c^ofl o^S^ ^nfliELl- ^Ajofl 

<15> £ ^-rgol ol= Jl^j- t}^ 7l#^ 4^1^, ^i^l ^ofl ^^f 
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9\ ^^S-JfLeq E^^liEifi] iii/£Efl°J <8«H1 ^ t^S^I 3 

<ie> £. ol^.ji^> is}^ £ tf-E- 7l^^ 4^^, «VE.*ll 5U°H, 

Jf e^|ab1o| ^i/H.e)l<y ^^a) ^Efl3fl = 7} #^-§-^3. £ «VE*I1 

<17> ^-71 7l#^ -2^1* ^^>7l £ ^"^^ «>£^ 71^: ^Hl ^7fl ^ £ Si 

7>^1 oflH-Hl ^"71 Dfl 3_ 51 ^w-^ ^2.51 ^ofl CI] o] 1: ^JL ^ 7l ^ ^ ^ 

^71 tiV5Lxll 71^1 nflJiLsl ^4 ^^SlS^f# ^4*}JL, 4 ^RM: ^"BlAl7l 

7l ^^slS^m 1 ^ ^ 2 S^i^Sl e^fl^^Eil- ^7] 

§H ^7] nflSel iSJf^ ^^5)5.^-51 ^-71 S^^l^Ei#^ ^O^/t^jo} eg o3^. 7 fl^- 
Al 71 i ^7l 7fl^» 5L#^ #^1^ #ElZL» ^ W. , ^71 #^ZL 

^ ^"71 #?i^<^nv^ Aizl-^H ^7l #e^» ii^^el^-^S^, *HS.Bl -t^-^l 
<3<3 ^oHli ^1^3)1^1- ^^*Vcf . 

<18> *\] 1 oil oil ^7l 5.^^ #^^r £^ ^el^el^o] ^ o] 
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#7] A] 2 ^-71 ^^Tll^ ^Tl^^Hl An ^A^AA ^ 

^-g- W. #7l ^ 2 ^^^nV^. ^Sj-^ol ?H «}-e^S>cK 

<20> ^- Mj-^o] ^ X ^A]^o]] Of 3.^, ^-71 ^3}) = ^#3]^ A o V 7l ^lS.el ^^-^ 

^^Jfc] ^Tj-^nKg. ofl^l tfj^ ^1, ^7l PflS.^ ^-f-S]- ^^2] 5.-^-^1 51*1^ 

<21> # 7 } Cj-^ 71 JJl-^l- ^f>\7) ^ ^-£^1 A # ^7fl^ 

DflS.Hl ^ 7>^1 ufl5.e| ^7] ^l-EHl nfl-E.^ HH HH^l- diJL ^7] 

^^•fVcf. ^ Aj. 7 ] 71^-ofl DflS.^ Q^<2\ ^$\^% ^ 
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9] f:\JL, A ±.AQ%: *BM?lfe ^l— #3*-^M: W<\, #7l 7l#<5l 

ofl ^^l^* 7R1 ^^M: #7l nflS.^ ^ofl^- 2fl 1 ]=€ 

^liEil- ^S>J7, #7l ^S^"-^ 2fl 1 ^ 2 E^*]^* 

#7l 4 ^^/=efl^l <83 #°Hfe #7l dl^/SElltl ^^AS.^-El #7] 
^S^^S. 5i*l# «fl^^^^# ^#W. #7] Zj- S^l^iBl ^ 

*i#€ i&£*f| 71* #<Hl #?M«3^>S: ^#*}Jl, #7l 
* sflEl^^ #7l nflS-sl >i-*f <4 #7l 4 M^^l^Ei^] ^i/^5fl<?l 

<^^-i- 7fl^Al7lJl Aj. 7 l 7 fl^-» 5L3# f^Al^ #2^* ^#tH}. °H 

#7l 1-eizi ^ ^Tj-^nvo. Ai^>cr] av 7 ] ^e^l- ^S.^elf-o.^, #7} nils. 

<22> £ hV^o] ^ 2 ^Alofloll Ofe^, ^-71 5L*1^ <^^it^ ^#^31^, 4^ £ 

Tfll- if-^Hr ^-^^-=1 #71 ^5^1 71*51 Z]- ^^/^ello] 

Aj-oj] ofl3)E«^s^- ^^t.Vcf. ojolA-1, #71 ^ 1 H^l^^l ^i/^eflo} 

^ A oHl *g#€ #71 o])z\&^JZr 7^A] ££2l|7lAE ^-g- ^ ^ ^ J7 o]^- 

*fl 1 5L?m lr^## ^l^^^cf. ^-°S #71 211 2 Miffl 

*1^&^ r^i/JEL^ ^ #*)] #71 ^21^^^ 7H^Al ^ ££^|7liE 

sfl^ % <S *}JL oil- v}^EL3. 5}oj 211 2 lr=£## ol^oi^^ oflTx]^ 

it#-§- ^#tt^. #71 oil 3X1 %c] n}^^t\r\. ^7} o\}z\*»^2) s. 

^-o^Ett 1*0 19 ~ 1>40 21 ^7v>/cm3 «?] ^ o] y^^c}-. 

<23> «V^o} ^ 2 ^AHHl tcj-sig, #7l ^•el^-Tll^ #7l ^ #2-1^ 
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<24> AJ. 7 | £ C}^ 7l#3 4^11 # £ ^"gr ^£^1 7l ^ #ofl *fl-E.^ 

^Hl ^^oj^ ^ ^JjLOfl Al^^nl-^ 7^ ^ 1 ^ ^1 2 7flo]M #^-g- 
4. ^"71 *|) 1 *0 2 Til^lE ^q-o] a o > 71 aV^j 7 |^. Aj-c]]^ #^o^^ ^ 

^tH=K $7} 1 TflclE ^ g ^ 2 TflojE S^>fe *-y<8^ 

^ ^^^-^ 7fl^-Al7l^L #7l 7fl^^ SMa<8«H *ll 1 SEfe *fl 2 

* 2 51^ ^^W. olol^, >y-7l 7B^ofl ^^-g- q^JL #7} 

<25> a. ^ 3 ^A]^ofl 4h^ ] ^.7) l ^42 S.^ 1-^1- 

^ ^JE.^- 1>10 19 ~ 1>40 21 ^7>/ C m 3< el af#3i^>cf. 
<26> £ 71] 3 ^HH ^"71 ^£7^ Cf-g-o} cjTfl-i-S. o] 

^ *fi 1 711 *f^KH, #7] 1 7fl^-M 1 5L*m ^«?]^H ^"71 

7]^: tfofl *|] i #7] *H 2 7lH 

7l *fl 2 7fl^oll 2)1 2 5.^ 1:^1-1: #7l a>£^ 7^ ^Hl X) 2 5L#^ 
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^€ *r £ 5£4. #7l all 1 TflolE ^ ^ 2 TflojE *l^g- £f5fe 

711^^1 ^Jl, ^7l 7fl^^ 1 7llo)E i^fe %^<* 7^1 1 #^1- 

* °)^ o g*H ^1 l iii/£^J ^^^-4. ^-71 7fl^^ 

711 2 7flojE 5L^*Hr #^<8*H *1] 2 JE*i<S ^#-8: ^l^r^M A 2 51*1 

^ ^i/=ell<?l ^-§- ^^^4. °1 *cHHl 4=^, A o v 7l icEL -g-^ ^aflJEL 
^ ^7l ^11 1 E^^i^Ei^ iE^r ^efl^^f ^7l 2 Si*l^ S^^liBl 

<28> ol§V ^V^-sH ^ Vt §^ WV^tb ^Hl^* ^IfAM, # 

#tb4. ^Hl^r ^ 7>^1 cf^- ^Efls. £<8^ ^ 54^, £ 

^^7f O^o^i ##*)£r ^A]ol]oll £ ^AHl^ tg.^^) 

olH 3g^o] ^.g. 7 >^1 ^HlTll ^.4 ^^i*>7ll ^^*>7l ^«flA^ 

3H4. -g- ^Hl# -i*3*Rr ^H 1 

<29> ^A]c^ll 

<30> E 2 ^1 £ 10£ -g- o.S °ll2.el ^(CHlfe 

5L*ll ^*Rr 4^-8- ^£t°]4. 

<31> £ 2^ «KE*ll 71^(200) ^Hl #7l 71^(200)^11 ^€ #5.31 i*>*>-§- 7$ 7^1 

3!^r € = ^ ^(210H ^€ 3* H^lt!: ?M4. ^5l-^-(210)^: 
^11 71^(200)-!: "\]Z.?1 ^^(O^l- ^^5]S^-(P)# ^7^1^1# ^ o>u|5l- ^-71 ^-71 PllS. 

51-12 



1020010001892 2001/3/2 

<32> ^-71 €^s|-4(210)£- ^^^1 M^l^ (shallow trench isolation method) 
3~ local oxidation of si 1 icon)^^^ -f-sfl ^€ t &4. 

<33> £ 3-8: #4 ^>5}-4(210)°] ^ £ aV£*)l 4 #(200) #4 nflS.^ i3^-(CH 

£r n*m J=$4^(C N )7} ^sU, ^^2]^(P)^lb n4\i J=L$4^4(Pn) ^ p^fl 
^ H$4^4(Pp)7r H.#-£ £AltV 3°14. #4 H^^]^E^(C N , P N) P P )^ 7\]o] 

S 4^-(G N) Gp) ^ ^SL^/ELZ]}<£ <3<*(220, 222)o.S. ^44, ^4 7))o]]= #^r(G N , 
G P )£r 7llo]E #2^(212), £^#(218) ^ ^^^^-(216)^) 4#44 ^4°14 
(218)^8: SW4 ^44. #4 7flolJ= #^.(G N , G P ) ^ ^^i/=efl«?l <^^(220, 
222)^- 4^£: 7l^-g-o):oflAi^ %.#*\ ^Alofl ^O.^., ^l^o] 4 

*cH 4*H4 5l444^r ^^1^} £ 3# %^*H #^4 4^4 £ 

4. 

<34> n}^ 4 #(200) -^5^ -L>S)-4, ^ ^4€- ^44* 

^^-8: *#4 «J-^o.S ^4*r4, ^-71 4-44^ 144^ (thermal 

oxidation) ^444, 44 ^ ^S]3- ^44£r ^g-44 ^7} ^^d\) o) 

4 *§4€ ^ $14. 444 Z]-2|^ ^-2. 444/^4f7^Bm444£: ^4 3fl44 

# f-4 TflojE ^^(212), TflojH £ ^A(2i4) ^ Ai^^n]-(216)-i: ^444 ^4. 
4 44£r 44 444* 2flB^sM 4"7l 7fl4S ^(G N> G P )°) 

4^*Hr 44* ^44^- 44 44* ai^- c >^5. 44 4-¥-4 -i44&)-^# ^ 
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£tfl £-§-^ (reactive ion etching)^- -f-^fl ^r^^cf. #7] ^gj-nVsj] 

^oi| #7} <Mz^4^^ ^^3. AVsj-^ol aizH^o) sq^h 1-^1 

^£7]- ^s^e ^-sKM] wl^fl £itHr ^H^M, -g-^^ ^ ^ ^ 

<35> o^o} nf^-i- aK£*ll #<>|] i^^/^efl^ ^(220, 222)5] 

LDDOightly doped drain)^* ^*}7l sJ)e^^ 

3.5. tiV^l 7]^ ^ # ^ <3 «8*H 7^£^ ^<*# 

^^trcf. ^7] ^^/=sfl<y^ ^ n ^ ^ p<g^ °}^<USr 

°l^^r A>^l^-^O.S i£31*l^J= 3flfi-i- A> 

^SL5 i^o]^ (218)1- ^ ^T, ^7] sflB]^^ *)e]^/#e^e]^/^e]^ 

<37> ^sil o] a-]!- ^ofl^ #7l aV£*fl 71^(200) ^Hl 41^-^/H.efl^ <3<*(220, 

222)^- ^^*>7l ^tr ^l^^^^-i- ^tr^r. o^H, n *fl\i e^^e^ ±SL^/B. 
efltl <3^(220)°flfe lr£#°l i ( p^fl^ E.^x)^B]9) ^^^/^.eflo] <^<* 
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(222Htt ^£^r Q ] ^r^*}. , ^ 0 ltb o]^^^^ ^^y 7 ) 

<38> O]^ 71^ ^-71 «K£*1] nflSL^l n *fl^ E (C N )7> 

<39> oj^HjA-^ £ 4 ^1 £ 8# ^"71 J=$x]^Ei(C N , Pn. Pp) 7 > *8^€ # 

71^(200) #3 i^^/^efl^I ^(220, 222)4 ^^S]^ *8^-8- -g-^l^Tfl 

< 40 > £ 41- ^71^ ^ € M^I^&KCn) ^ I^liEl 

(P N , Pp)7> £r£.*H 7l^r(200) ^5]^ ^3^(224)^: 10~20nm^ 

<$7] ^E]^ ^S|-^-(224)^r ^^^/-Eiefl^l ^(220, 222)SLS. ^^l^zr ^ 

<3^(230)^8: ^Mr^^r %-^^{230)^\ s)-^- 71313 

<4i> £ 51- ^-2:^, ^7} ^^^^BV(230)^ H^fl- ^zHH, n^fl^ S-^I^bKCn, 

P N )7> "flS.^ ^ ^ -^^5."-^ 3g-^cgo^ 7fl^A)^C}. 

<42> AJ-7] 4^ ^^)^0,S ^ A>^^^-i- -f-Sfl A>7l ^^(230) 

A oHl #7l 7fl^(232)l- ^*Rr 3L£efl7.1^E afl^M^l),!- ^^^.4. 0)0]*) t 0} 

(230)^8: ^^W. ^7l #^^^^"(230) *Hf«1|fe ^^^1^5. ^sj-^(224) 
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°1 ^#3°1 ^£1, #7l ^z^^ ^2)^ ^^-QV(234)oll alsfl *\z[ 
^EMti]7> ^ 2i&o\}*\ ^Q°.3,»), #7l ^sl-s ^5j-^-(224)o] ai^^-^o] slJE-Hj- 

*>fe 3J°1 «>^W- ^Lf, #4 7fl^(232)7> ti>£^l 7)^ ^M^^-g: 7fl^ 
Al?l^ 7^, ^ 7fl^-<i| 7%7\] 7 \ «-#<^ #°fl ^-fofl^r #71 ^^^nVol 

^^S. ^-^>4. ZL£^, #71 7fl^f(232)3l 7|^7> €^.#3^(210) #°1] ^3^r 
^-f^fe ^ = #^(210) 31 *&x\-s}7] #4-^*1^4 a >-§-°1 €-S-*>7ll €4. 

<43> ZLfi ^#^1, #7l 7B^^ #71 ^51^ ^5l"^-(224) ^ #7l 3] *1 ^ 

— 5fl^(ul£Al)-g- 

< 44 > £ 6^- #7] 7fl^-(232)» Si ^^-(234)^.3. ^^^1^1^. 

#71 tiVS^ll 7l^r(200)sl ^ oflS-Bl ^sq- ^^SlS.^1 ^ #sl^Bl^- 

nv ( 234)^- ^, ^-71 #^^^"(230) #^1 ^£ #21^31^(234)* ^^-*fl^ 

o. S ^| ^ ojcf ,a o v 7 ] ^5l^El^-Bl-(234)^ S.*g-& #Bl^ 21^^(234) 21 ^^ij. 

^Hl Si ^ £ 5^4, #2l^ el ^(234)31 £^§^ 1:^#* °}£r 

^^f-o.S.^1 ^n^. ^ SX^-. #71 #21^21^(234)21 Aizl-^- ofl^l an ^ S^lTfl 

3 ^4^* olJfo}^. ol nfl, Aj-7l ofl^l «fl ^-g-*H #71 #21^21^ 

^(234)* *\z**t ^fe, 421- #71 #2l^e|3.Bl-(234)* 4^«1-7fl ^zl-*H 42] 

iL^^-Sl^ #EfljL $14. 
<45> £ 7 * t£^, #7l ^#^^(230)* p*fl^ M^4i2i(P p )7> ^# 

£ ^^315.^-31 %#<a^-g- 7fl^Al7l3. #71 7fl^fofl #21^21 ^^-(236)* % 
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<46> #7l 7fl^ ^4^£ £ 54 *>Sl*3 ^ ^^^-i: 

^S>JL, OH- ^Z^-nj-^HS. ^ -f-#4 ^^Z}-^, efl^tfl aV-g-^ oj^Al 
z^^ii. ^-71 #^9i^-(230)-i: ^^W. °1<>H, #71 7fl-=P-?-^ ^^s} 
^(224)4 #7l iSell^iE 3fl^i(Dl£Al)^- ^Tltbnf. 
< 47 > 3E^. #^^E^^H]-Sl ^ij-^H £ 64 ##4^4 a o V ^ 

AS *r^£4. ^, ^-71 ISell^AE sfl^^- ^T^JI, #7l «V£*fl 7l# ^^^1 ^ 

l-Bl^el^^-* 2)-^- 7 l^a}-^ o. S AV 7 j 711^-^-1- ^H^c}-. £ 7^1 £^1 

4*l^r ^^1^, ^"71 f^WS* -f-sfl oUSfi] ^«-4 ^Jr^Jfo] n ^ l-^^^^Hl- 
(234) ^ ^^^^"(230) #°fl5L #&l^sl^^o] ^-£4. #7l 

Q n}^7Hs ojAl^- ^51^ ol^ojsj.^ o. ^ p ^ 5^g£4. ol ol 

-gr^°j 4^1*1^ #£1^3^(234)7} «§^€ -¥-$1* ^^^>7l 

4 7i*l i£eflx]^E 3fl^(Dl£Al)^- ^^§H ol^oj^- 3)^4. °1^4 

4*3-8: 71^ £ 7<^1 514 £ 44 £o], Dfls.^ ^« ^ ^igj^JjLo] ^^/^sflol eg 
^(220, 222)^1 51^4 €4^3^4(234) g 51^ 4 

4^4(236)# %<§^r ^ &4. 
<48> £ 8* #2:^, #4 £ ^§ 4 #4^3 ^4(234) £ 1-£#<>1 

51^4 #3^51 ^4(236)^8: i^.£-4«M ^4 £1(240, 250)* 

*8^4. ol 3}-^o. ofl^l m) 5E^ 5^71*113 ^^^^ -M °l-¥-<H*I &4. 
lr^, ^-71 #^4^-4(234, 236)4 #7l #^^^(230)# £43°-5. °114 »-l}44 

^n-g-eH 7144, 3-4-47114 o^o^^o. ^eg.^ ^ ^ oio B j i a 
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^£ 5^- 

<49> ^-o] £ 4 ^1 £ 8^- ^€ -f-^fl ^\ ^^x]^z]9) ± 

^.i/=5fl<?] ^#*Rr ^^5(1^(240, 250)1- ^ 

<so> oj^HH^ £ 9 ^1 £ 10# t£*H, ^ ^cHl 4^ #71 ^ejsfl 

H.#(240, 250)<H] ^(320, 340, 340')^: ^^W. 
<5i> £ 9# ^-S^, ^sfl £1(240, 250)^1 <3^=|fe- wl^e^ ^ 

(320), w]J=eKl(330), ^sfl^B] ^^-g- ^i»(340)# i^W. #7l 4 ^1^(320, 340) 
a. 3^0^(310)4) ^ ^ ^^-^^ 3-§-*H ti^** * °1» ^ 

(310)£r ^^^cH ^ ^-Tl^^SLS. olsHl^i ^"71 ^ 

^*Hr *M3-a- ^7-1, €3^- ^s^iLS =1 l ^^^^-(310; ^P- 

£A]^1 8^g-)* *$*a*}JL ^7) 1 #^^^^(310)1: 3flE^^H A o V 7l S^fl 

^I^Ei^l SE^b H.efl^]ofl o]e^ alsej-o] ^(320)*^- o]o^ # 7 1 

<^mcfl <^^5. *§^}c*| a|l4°J ^ (320)1- & 

ch ^"71 wlS^o] ^^(320)4 «l^Bf^l(330)* ^"71 
e]-<y(330)-8: W^f afl^i^ol ^ ^ 7i*l7iM- 

(Damascene)^* **fl *r ^>4l **fl #7l *)] 

1 #71^^^(310) tH^l ^^^("lH^IH ^€ 4 s 91^-. ^71 w) 

E2}o| ^ ^ i ^7>^«^^-(310) afl 2 f^^M^^^H H*1*>*1 ^ 
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71 *1 ME). o] ^BM ^^4^4 &<g^7\] #7l A>^1 g AlZ^-^^ 3j-g-*H 

^4a]e^ *§^-g- 3^(340)^-1- ^*Kn. ^*>*H 71^13 *§^-g- ^ 

^o^l- #71 #?i^^^ v (310)^- #z*SH 3" ^*Hr 
-B^H H^xj^E^ 7flo]E ^^o] ^Kg- oi^l ^S.^- «5Kr 3H4. # 

7] ^m^o) TllolE A>olo) ^o. cgrtofl tg^s]^ ^§ Ip^o] ^ 7} afl^l 

^15. ^LL^ #7] Tflole ^^nf 7>^o] 0I7I nfl&^lcf. ^-aO^-ir 

*} 7 ) ^^ife 4I-7I #?i^^^-(310)^ ^-B^cH*! # 7 1 TflojE A>« 

3^(216) ^ ^i^sfl^(240)^ ^sl^-^l cflsfl ^s^H ^ Ai^^ti]l- 7>*]fe 

^Z^Kr 7^o) ^^>nf. ^, ^^V^^PVol ^7 ^ EH til ^- 7 }x]^ S^HH 

^S.^, ^-7) ^z}vgr ^^^ = (240) J£^r ^-71 7^1 o]E. 4 v -r-^ ^^^^l^-(216)ol 

olcf. ^^oflAi # 7 1 #7i^^^"(310)# ^^*>7l *H ^"71 ^sfljEL 

(240, 250)^ Tflolm ^ AV^ofl ^5:0} ^^0.5. £ ^z]-^xlnV(232)^: ^ 

*}?\) s^, zj- ^Hfl^ #7l ±\^*]^(232)*\}*\ 7]) ^4. n?-eH. ^ 

£ 10^- #71 7^ tiVH^ll 71^- #oll ^^^-(352), 

(354) ^ #^^(356)-g- 7>^1 714^1^^(350), ^^^(340') ^ 
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^«H^(360)-i- E^^^Ei(C N) P N , P P ) £ (250)1- 7>^1 

(340') ^ ^«}]^ (360)2} <=>] &°M*\ *1^H1 ^^S. ol<H) 

oflofl o}^- ^Efl^flc^ z}- ^HflTxfljELo} ^-o} 7 > 7i2} s^j-t^ nfln^ ^^^^h. 
<55> ^Alojl2 

til^AS, Jl^rJES 51^*1 #Bl^ej^ ^ ^^-%lol 200-400 

^#21 ^ &/□ oil yljus]-^ ufl-f ^ ^ 7>^icf. 4^ ^13] 4 ^^^/c El )o] 
52I-2I alT^l wj-sfl^ A^7> €4. dLSL±/J=iS|| 

4. °1» -£ 16# % v 2:s>cxl ^d^cf. £ i6ofl £Al^ a}<4 ^-ol h> £ ^1 7l## ^3 

iLXM: nfl, 4i^.^(610)S^- Ei (620)^5 ^^-7> Jl* ufl, z}- ^^o. 

5. £Al=l TIME ^^-(630)^- f-4*Rr ^S(P 1( P 2 H 4^ ^71 ^(640 HI o] 5^ 
7lsl7]- ^hMjels ©HI 4^ ^J-^M- lM§£l<H ^^g^ol £cf. ojfi^ 
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#&*\7)7] #71 dL2.i(610)/:E.efl<?] (620)4 o^e|^.ofl ^b}( 640 ) o. ^ 

^Sfl°> «M 44^1 *^^^(610)ol ^<H*1^ ^47]. ^eflsH ^ Aj-ojZ, ^^oflA^ -g- 

^^^7} *H*]-JEL5. ^^.i(610)/^.5fl<y(620) 444 ^(640)^- f^ajE 

^»<J-*M1 £4. 

<58> ^ > ^ES^no] A]~g-£- AV 7l o]^ °- 7 |-^J7 ^O.Uj-, ^i/JEL 3| 4 ^ 

£fJ|o] ^.nl^^o. o]=7l 4«fl4^r ^7} ±SL^/B.Z]]9l <% °] JL^-ILg. .£^SH4 ^ 

4^ &4. 44*1, -a^S-S je^7}^ 4i^/=^oi cg^^. ^Aj^ « 0 v^ 

<59> £ 11 ifl4 £ 13^ -g- ^Aj^ ^£#olcf. 

<60> ja n-g- #2:*>^, &4 s. 2 tfl4 £ 34 ^HHH ^ 

4 ^^tt a o^^ ^£^1 4^" A cH ^^>44(410) ^ nflfis) ^jfsj. ^^s)^«-oi] 

n*fl^ M^4^4(C N , P N ) £ P ^ s^4^4(P P )l- $-8 $4. -*7l e^^^(c N; 

Pn, Pp)^ £44 4^7>4S. 44 ^^^1^(416), ^^3fM4(418) * £##(414) 
* 7}*1 TflojM #^4 7fl°lM #^4 ^-2.^/^31 <?] 3(420, 422)^.5. ^£4. 
<6i> °1<>H, #7] i^.^/^511^1 <34(420, 422) ^Hl ^14^^^(E N , E P )# *§ 

W4. <^7H #4 °fl4^#(E N , E P )£- dL^i/^Ell^] ^(420, 422)4 ^ofl *g 
^4 ^i=^44#(410)AS 44 4^#(ovei-growth)44 ^4tt ?H 4^444. 
^ 4-fHr 4^-4 £4. -f-^4 nflfie^ i3^4 ^i/^eflol (420)4 ^-f JI^JE 
4 0 l-&^° t j°l 44-g-3l o]^^. ji-^isi ol^ojo.^ o]^i i^.^/ = e iloi oj ^ ( 42o)j2f 
^ = ^4(410) 4°14 ^-"MW ol^ojofl o]«fl ^Aj-£)<^ ^r^^i^-^o] ufrafxl 
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711 £)7l nfl^olt}. #7] ^(420)^^ <$7) 

^^^(410) <#°.3. 3HJ-^>8€ ofl^^^#(E N )^-5. °m ^7} ^ = ^^-(410)4 
i^i/^efl^l ^^(420)^ ^A^A Q )^ 0 J°\} 4tt ^#-2.5.^3 £.3LS\rt] 3<H ¥ii 

#(E N , E P )£- ^215* ^> V 4 7l>^ofl3Xl^Al^^ o^gfl ^ 

<62> °fl^^^^(E N , E P )^ ^ 1>40 19 ~ 1>40 21 ^4/cm 3 £] ©1 

£^omch oj^oi^ aV 7 ] ofl3r)^^^(E N( E P ) ^Sl^./IL$}<£ <83(420, 422) 

2] H^^H 4e)- j n ^ ^J^/Si^ ^^(420) <^1^^^#(E N )^^ lr^#^l 

^sU, ^SL + /^Z]}91 <3<3(422) ^ ofl^^CEpHfe p^ Ir^l-ol ^<3€ 

<63> £ 121- »£JE*I1 7l^r #ofl #71 °fl4^^(E N> E P ) A oHl ^sqfe ^H} 

^€4. ^7l 7fl^# *§^*Hr 4^£ 5. 44 4^4 ^ 

*>4. ^ #7] C H14^^#(E N> Ep)ol 71^(400) ^>H) ^z^^o. 

S ^^(^l^D-i- S^Tfl ^^*>al o]<H^ f #7] *Jx^ ^4(4£*1HH1 # 

:?M<d^-(430)-8- 3, ^7} #^>^<a^(430) £ -§.#<q 

^ -qz^O-S ^^*H 7fl^-# ^W4. 
<64> £. 13* % V S*>^ , 4>7l HV£^) 71^(400) #°fl ^T, «fl^tfl ^^^o. ^ 

aV*V * ( ^c^-el^H ^^4^(420, 422)1- *§^4. A oM ^=£-3 4^ 
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^^^^(430)^- ^^.2.5.^1 ^€ *r 
<65> Aj-^^j- _M_ ^Aj^ofl icj-e.^, l^liE^fi] 4i^.i/^efl^l <g<* #of| 

1- ^ $1* ^51^ -H^-S^ ;£3go] 7^1- Tfl ^4. 

<66> AJa^] 3 

<67> a. aJaH)o]]a^ £ ua iflxl £ 14d# , #7l <Hls]^^#(E N> E P )&°1 ^ 

5}-^ JURIES) ol-^-ol^ ^ ^ ^^0.14, ^S^JjLoflA^ ZL^£^ °]£r^<S 

°1 7>^>^ ^oflAi 3}-o>^ 33014. 
<68> £ Ua* ^S^, AjAH} loflAl AJ^SI ^.oj^- H>£^ 7]^(500) 

Aj-o) ^^^) S «.ofl ^JE*Vs}^]-(510)4 ^4/g^l^(516), ^^*ll°H(518) ^ 
(514)^.5. Tflol^ ^^-(G N> G P )-i- ^^^4. °1 ^HH^ AjAl<^] 14^ ^ 

<69> £ 14b# ^71 TflojE ^(G N> Gp)o] tiV£*)l 7] ^(500) ^M] # 

^^^-(530)^: <§^SM=h 3? ^*8SH 

*K530)# ^zHM n*fl\t l^liEl^l 4i^/=efl°J ^a^ "-£-(532)* 7fl^ 
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*m4. #7] oj-g-Alz]-^^. £«J| ^<g£]nj, ci\ 7 ]X\ t oJ-a^ go] 

§^^^-(530)^ ^^^ofl ^El^- ^^-^(°1^D* ^7>S. ^^^".5. 

S.^ , ^7) ^^^^-(530)^1 Jl^^till- 7>^1 2^-° 5. ^ ^cf . °1 

<H^, ^"71 *V£*fl 71^(500) ^M] -H^H, °fl?itfl 1>10 19 ~ 1 >10 21 ^7]-/c m 3o] ^-£5. 
lr^l-# ol-Br^f-.^*^ n ^ E^liElS) 4i^.i/^efl^ <3^(520) ^^"4. 

<70> £ 14c# , p*^ E^^iBl(Pp)7> Jfflfi] ^^>^<g 

^"(530)* 7fl^A)7lJl ( #7l 7fl^o11 ^a]^ ^i/=Efl<y ^(522) 

* ^W". £Al£]^^ ^^1^, ^7} Ol^oj^ ^ n ^ H^^j^E^ 7fl^( 

£ 14b3] 532)^r °l^<g*l-i=l, ojl^tfl ^aJ-o] a}*]^-^ ^ ^a^ l£el|7lAE 

<71> £ 14d* -#7} o)^o)v}^3.(u}5LA})^ *\]7]i5}31 ^7} 7fl^ ^ #?Jr 

^^^(530) ^ 0 H1 51^ ^r#^, ^l^tfl ^ v lL>4. °1<H>H, A o v 7l £^Aj ^ 

^ #^^^-(530)^ ^b^^o.^*), i^EL^-E^ ^ ^sflJEL (540)* 

<y <3<3 ^ ^sflH* ^ £U, ^^oflAisL 
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<73> £ 15a vfl^l £ 15c^r £ 14a vfi*l £ UdQ A 4^^ ^H°fl3 

local inter-connection)^- H^fe H o Vt £-§: 
<74> £ 15a* ^-S^, #7] ^s\5L¥-2) £ p*B)g M^^1^eKP n , P p )7> ^ 

#7l H«a*l^Ei(p N , P P )A>oloj ^ = ^^(610)^^ ^(630)5. *H7)&t±. 

°]°]*], #7} 7fl^Sl n *fl\i h^^]^eKP n )7> ^ofl 

<75> £ 15b» #2^}^, ^7] J^Cl ^1^*>J1 l&tflS. -#7] o] £ 

3 ol^oj^H ^^/SefloJ <8^(622)-§: 

<76> <^7l^, # 7 ] ol^ol^ n tg p ^ c] al i AQ 19~ 1 >10 21 ^^/cm 3 

<77> £ 15c» #7l ^SeflTsl^E ^(n] ^T^Kll, #7l n*fl \t ^ p 

*fl^ SM^eKPn, Pp)7} *&5.*fl 71^(600) #°fl #^Mg-^, <4^tfl ^ 
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«jsfl^(640 , 650)1- ^Wcf. £o] , n ^ JE^l^E] <4 p *flvg E^fl 

<79> 5E^ £r ^ = « 7>^1 tiVS^l ^1^1 ^ a o Vl tMl 4^^, S^^]^ 

^r^l ^^s)h.«-<h1 ^ £ #el^B]^ A> 
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1] 

#7] 7l^-ol] DflS.^ <4 ^^2)3.-^-1- ^2\*}JL, A i4 7 Jf ^-^^17) 

#7] WK£*fl 71^:21 Ti|| S. Sj ^S^Jfo] ^ eg <*| ^-ofl ^o^/JEL^l 

^71 £ ^-71 f^^<3^-§: *]zJ-*M #7l #s]zl# ii^el^-o.^, # 
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[$^MJ- 2] 



^1 1 %H] 5fl<>H, ^71 5L*H3 #^^E^^«?1 3* s^io S ^ 
[^t 1 * 3] 

#7l f^g^-fr A o V 7l *fl 2 5L#^ E^AElfi] 
4] 

^ 1 %H] $Z<H>H, ^"71 H^^^Ei tB-ofl ^"71 «VE*)1 7l#S| #£ofl 
5] 
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6] 

5 *M 9X°)*\, ^] *1 2 ^^*l^ v -8r SiN^ 3# ^.2.5. SHr ^£^1 # 
7] 

8] 
91 

^£2] cilo]E^l- iiJL ^7l 5.^-3. °l-¥-<H*l ^2^1 ^ ^ 

^-71 ti>£.^ll 71^1 v\}3.^ ^9\- -^<sjj^# ^ 4l7>^ -g-^A]?] 

^-71 ^.£^1 7l#£| *fl2.e] ^^-^ ^s^Jfo] %^<8^ ^1 ^2.^/3=31°} <3 
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^7] A ±2.^/^91 *M #71 4l^^/^-ell°] <g^^^-B] ^7l ^ = ^V 

51ZL1- ^ ^ Sj-fe 
10] 

9 *J-«11 $I<H^, ^"71 S.^ ofl 3X1 EH ^W^, 

^•71 tiVS.^ 7l^ 4iii/=Ell<?l <3<* #°H °U^^# ^*Rr #711; 

^ 711 ^Al 71 £Se|7liE sflEl^- ^^s>j7 oil- n}A 3S t}c^ z\] 1 
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* 7fl^M ?l£r IS^I^liS sfl€-§- ^^}JL oil- *ti 2 

*fl 10 %H1 ofl^Efl^Ao] t^^-t^ 1>40 19 ~ 1X10 21 ^*}/cm 3 91 3* 

12] 

*fl 9 % SLfe *« 10 W ^"71 c^^f^ #7] ^S^iLS °]^-<H*l ^ 

[3^* 13] 

*j| 9 5£<>H, a o > 7 ] ^jr^c}^ ^- 7 ) ^ ^ ^-71 #7J-^ 

14] 
15] 

1 ^ ^1 2 7flo]E ^^s>^ #3}; 
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^y] *H15!*H2XME ^o) ^-71 ti>£^l 7]^r #ofl f^^^-fr 

o^^L^g- 7 fl^Al7lJl #71 7fl^ <3 ^ °fl *ll 1 5L#*§ 21fe *fl 2 51*1^ 

1-^1-1- ^r<^H ^i/^-efl?] <£<*,g- ^^o_3.*l ^11 1 ^ 211 2 

#7] 711^^1 ^*Hr #31; ^ 

*1^1 

16] 

211 15 %H1 9l°]*\, ^"71 ^<a€ 31 1 ^ 31 2 ^£tt lx 

10 19 ~ 1>10 2i ^7>/cm 3 ^] 3* ^HJ-°S *V£3l ^1^1 ^^«o^. 
17] 

2]1 15 *<H1 S^i, ^71 M^li^* ^^Kr #7fl^r, 

^-71 211 1 3MH. i^Rr ^ f^S^* ^ZHH 211 1 711 

^"71 211 1 7fl^M 211 1 ^"71 #5131 7lt A oHl 211 1 

5L2l?§ ^o_i/=ell<y <3<sj-g; ^sHr #31; 

^"71 211 2 TIME *l^g- JE^Rr tf^l f^^^Mr -il^H 3l 2 711 

^» *8>$sRr #31; 
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#71 Xl 2 7fl^foll Xl 2 5L#^ ^"71 *J;51Xl 71 « ^H] Xl 2 

181 

Xl 15*^1 &<>H, ^71 E^fl^^Ei 3^*1^, 

^-71 Xl 1 7flo]E ^.g. ifsfH %^<^« ^ >8-7l X| 2 XH^ ;£^g- i^-§> 
7fl ^1 1 TflolE ^-§- Xl 1 51^ °l£r 

^<g«H xi i ^^/=^<y <a^-a- *§^Hr <M; 

711^-21 XI 2 TflolM ^o^ofl Xl 2 5L*1^ °1 

^ojsH XI 2 ^^/iELeflo] ^*Hr ^Xl» iWfe 3* m$<L3. 
^SLXl ^1^1 
19] 

xl 15 ^1 -*7i 7fl^-^Hl-H ^-7] xi l time sH- ^ XI 2 TIME A> 

o]Sl til#^ ^TV^^M X|7^o.3.*) F ^"71 i^=£-Tim ^ ^sflH^r 

^-7] XI 1 E^^^E^Sl 5E^r ^efl^sf ^7l XI 2 Ei^^E-lSl 

20] 

tiViXl 7m #ofl ^-^711^ Dfl2.El 7>^1 nfl 2. Si # 7 ) nfljg.^ ^Jfo] 

oflS.21 ifiofl oil olEfl- ±LJ7 o^7l ol^-ol^l tij-iXl #*1» ^*Rr 
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^-7] tiV^^il pflael ^igajs.^* 33*>-a. zj- dL^-i- -g-eH?] 

#7] ti>^l 7l^ ^2.51 -i^-aj- ^3)^-^ i^i/^e^ 

#7l ^£ al-sr^ 71^- AVc^) 1 ^^M: ^*Rr #7fl; 

#7l *J| 1 ^^-fr JflB^SH ^7l ^S]- #7} E^^]^ 

1-51 ^5L^/£LSflo] cgc* o. 7 ^X\?]5L #7] 7fl^# £^ #^5. f^U] ^5]ll« 

cg<* ^ 0 H1 £. ^^H.* ^^Hr cf^; 
#71 ^eM^c^ <g^^ al-^^1 7 1^. Aj-oll A 2 ^<3^ ^*Kr #31; ^ 
A o V 7l ^<?^-i- sflE^sH #71 e>M-Sl ^^^ = ofl ^Efl-g. fg^Kr #31* 

5L^*Hr #£*fl 
21] 

Tfl 20 *<H1 &°H, #71 :Msfl:=« ^*Hr #31^ 2 ^^^--g- ^*Rr £ 
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22] 
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